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ABSTRACT 

Tests of spatial ability were analyzed for their 
analog (visuospatial) and nonanalog (verbal reasoning) components, 
using factor analyses of items and test scores. The self -selected 
sample consisted of over 2000 clients (average age about 26 or 27) 
employing the Johnson O'Connor Research Foundation's aptitude 
evaluation services in 12 metropolitan laboratories across the 
nation* Spatial tests administered were: (1) Incomplete Open Cubes; 
(2) Ouiiford-Zinmerman Spatial Visualisation; (3) Wiggly Block; and 
(4) Paper Folding, Raven's Advanced Progressive Matrices was included 
as a measure of Spearman's general intelligence factor (6), and two 
tests of verbal reasoning ability (analytical and inductive) were 
given as a reference for nonanalog abilities. TESTFACT vciults 
distinguished item features that resisted nonanalog soluti^vn 
strategies (high loadings on first factor) from item feitures that 
promoted nonanalog strategies (high loadings on second factor). The 
sex difference favoring males depended on the analog comconeiit, and 
was largest for the Ouilford-Zimmerman tost, which reQuirtiH the most 
"spatial" processing. The factor structure for test scores was less 
clear, partly because of ceiling effects. Two nonanalog *^actors were 
found, and it was noted that many tests currently used'to evaluate 
spatial abilities depend largely on verbal reasoning components. 
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Spatial ability, meaaitted by teats that inquire the mental manipulation 
?; evf, mioimatloa, hm betn of conaiaai intareat sinca Thomdike 
(1921) tod McFarlwa (192S) first demciatrated that it wa^ relatively in- 
dependent of SpearmM's General totelligenca factor (G). Spatial measures 
were then routinely included la the multiple factor work of the 1920a and 30s 
(e.g., ReUey, 1928). In the studies reviewed by Wolfle (1940), the Spatial 
factor waa second only to the Verbal factor in its frequency of occurrence. 
Additional support for the relative mdependenca of th«e abilities soon ap- 
peared w the validation work of the 193(ta, 40s, ^d SOs. Measures of spatial 
aad verbal abilities exhibited distinct patterns of conelations with techni- 
eal proficiences and academic success In various subject areas (See McGee 
1979, for a review). U the 19408 and SOs thii growing evidence in fevor of a 
djstmct Spatial factor led to fflcaminations of the factorial structure of the 
spatial domain (Itench, 1951; Guilford k Lacey, 1947; Thurstone, 1950). 
It was during this period and for these purposes that many of the spatial 
tests currently in use were orginally developed. 

Although these tests aU required the processing of visucf patial stimuli, 
not all measured an ability that waj relatively distinct from verbal skills. 
As early as 1960, Spearman and Jones noted that items of vlsuospatial 
content could: 

be readily solved In two distinct mannera. One may be called 

analytic, in the sense that attention wwiders from one element 

,0 ®f figure to Miother. The other mode of operation is com- 

^ paratively synthetic, in that the figures (or their constituents) 

^ - mentally grasped In much Iwger units (sometimes called 

Vholes"). The former procedure, not the latter, tends to load 
^ noegenetic [i.e., congeneric] processes with G (p.70). M.."Jt^tSri?;f4*iS*S^^t.„, 
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SlmUar dlatinctiona among "spatiaP testa and processing modes have since 
appeared not only in the individual difference litarature, but in the infor- 
mation procealng Ut^ratura m well (e.g., analytic veraua holistic (analog) 
procesaing of visuoiipatial infonnatton, Metzler k Shepwd, 1974, Cooper, 
1976s ^alytic vmrn nonanalytic spatial abUity, Maccoby ic Jack'lin, 1974;' 
propositional v«rana apatial/imagerir models of viaiioapatial rcprosentation 
and processing, Kosslyn & Shwartz, 1977, Paivio, 1977; nonanalog versus 
Malog vauoapatial teats, ZimowaW, 19SB, Zimowsti Se Wothke, 1986). 

Despite this growing body of evidence suggesting that many STjatial 
meaaure contain verbal components, the taim "spatial" is still used rath«r 
mdiscnminately in the individual differences literature to refer to any test 
that require the procMsing of viauospatial ii fonnation (e.g., IHot & Smith 
1983; Caplan, MacPherson, Se Tobm, 1985}. As a r«ult, concluaions drawn' 
in thm hterature tend to be t^t-dependent. This la especially true of studiis 
that have focused on identifying the biological and sociocultural determi- 
nanta of mdividual and sm differancea in spatial ability. Progress in this 
and othe? areas now depends on a better undewtanding of the item features 
that promote or require verbal reasoning solution strategies and a means 
for identifymg relatively pure measures of spatial (ani4log) ability. 
^ The work of Zimowski (1983) and ZImowski and Wothke (1986) is a step 
m this direction. In their review of item-feature effects, they identify item 
attributes asaoeiated with Malog (apatial, holistic) and nonanalog (verbal 
reasoning) solution strategies. They find that analog items, items resisting 
nonanalog solution strategies and displaying analog effects, share a number 
of properties. First, they involve judgments among rotated stimuli. Other 
transformation taska a^-e l«a reaist^t to solution by nonanalog processes. 
Second, the atimuli differ by orientations other than 180 depees. Because 
simple verbal rules such as '^the righi side now becomes the left side" can 
be used to solve 180-degree items, these item tend to have a nonana- 
log component. Third, the distractors of th^e tasks are mirror images of 
the reference stimuU or structurally equivalent forma. When minor-image 
distractors are not used, the problems are readily solved through "feature- 
extraction" strategic, e.g., identification of incongruent portions of the 
figuTM. Fottfth, the items require whole-whole rather than part-whole or 
pMt-pa*t comparisons. Subjects report usmg serial comparison and other 
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nonanalog strategies on items of the latter type. Thmm items also produce 
effflcta consistent with a aonaaalog model of information proceasing fsee 
Pylyahyn, 1979). Fifth, analog items requir. *he rotation of an entire ob- 
jectaa a rigid whole rather than the rotatk . : only one or several pieces 
of the o^ect relative to the whole. Finally, solution time restrictions are 
mposed on the itemif to inhibit solution through other thaii analog meana. 
Almost any spatial item, even one with properties that resist nonanalog 
solution, can be solved through these means If enough time ii allowed for 
their application. Elmowski and Wothke (1986) use this list of item fea- 
tures to classify existing instruments as relatively pure (analog) or impure 
(non?naiog) measurwi of spatial ability, 

^ Because ecaminations of spatial item-feature effects are primarily found 
m the mformation procMsing litemture, their classification scheme is largely 
based on studies that differ from psychometric equations of abilities in 
naany important ways. First, variation in ability (the focus of the psycho- 
metnc approach) is often deliberately minimized in these studies through 
expensive training or selection of subjects vor homogeneous aptitude (see the 
work of Shepard k Metzler, 1971, for a case in point). Second, the stud- 
les ire usually based on very small samples of subjects and the items are 
presented under laboratory conditions which differ markedly from stand«d 
teatmg procedures. 

The objective of the present study is to fiirther test the validity of the 
Zunowskj-Wothke classification scheme in a psychometric emluation of spa- 
tial tests. Through application of recent advance m rRT methodology, the 
pr^ent rosewch extends the ecamination of item-feature effects to spatial 
test Items that are administered to large samples under standard testine 
proceduvM. ^ 



Sample and Test Selection 

The study was conducted in cooperation with Johnson O'Connor Re- 
search Foundation (JOCRF) with the practical goal of improving the Foun- 
dation's measurement of spatial ability. The self-selected sample consisted 
of clients employing the Foundation's aptitude evaluation sersrices in twelve 
laboratories across the nation. 
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Twc ^1 : r a0 Incomplete Open Cubes test, Zimowski, 1985; A 

f V f r - ^^^"d-Zimmerman Spatial Visualization test, Bock 

& Kolakm^sa ? ? Mid one measure designed to aaaeas Jpearman's G in 
a cultn^ rx-^^ ujw^l uer (TEa Ad^ced Progressive Matrices, Raven, 1962) 
were mdm ih^ Bbucdatlon'a teat battery for the study. They were ad- 
ministered along with the test battery under standard conditions by Foun- 
dation staff. 

^ Several tests from the regular battery were selected for analysis. They 
include the Foundation's measure of spatial ability, The Wiggly Block 
(O'Connor, 1928) and Paper-Folding Test (French, Ekstrom, & Price, 1963) 
and two mewurM of verbal reMoning abili^^ (Analytical Reasoning f AE)' 
and liductive Reaaoning (IR)), ^ ^ J 

Not all participaati were administsred all of hhe tests; sample sizes for 
the individual tests ranged between 2190 md 2814. The KT analyses 
were baaed on all available rwponses, whilf comparative analyse of the 
scaled amrm were bwed on the subsample of participants who completed 
all testj. Complete measurement were amilable for 801 females and 917 
males. These subgroups we comparable with respect to average age (27^6 
md 26.3 yeaxf old, respectively) and yeara of education (14.4 and 14 l 
respectively). " ' 

Description of the Spatial Testa 

The spatial tests of the study are described below with rtference to the 
classification sclieme of Zimowski and Wothke (1986). 

The Incomplete Open Cubes Test (IOC) 

The ^complete Open Cubes test (Zimowski, 1985) was especially con- 
structed to measure walog and nonanalog processing in relatively distinct 
subsets of items. The version used m this study consists of 47 pairs of 
incomplete (parts of) cubra. The fi»t tluree pairs are practice Items, the 
remainder test items. The items are presented on slides and their exposure 
times we individually controlled. Subjects are asked to determme whether 
two incomplete paxta of cubw fit together to form a complete open cube. 
An item firom the test is shown in Figure la. 
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?ifn* t °^ fro^ ^complete Open Cubes Test (a), 

The Gmlford-Ziaimemmn Spatial Visualization teat (b), The Wiggly Block 
(c), and the Paper Foldiog T^t (d). 
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The Items of this tmt are classified MMrding to ipeciBc physical char- 
acteristics of the cubes (e.g., the iiatribution of segmenta between parts 
of the cubea) wid general form, hi the latter claaaiflcation, cubes that fit 
together to form a complete cube are referred to as "compatible" cubes 
those that canoot be joined together aa.'^bcompatible" cubes. Compatible 
cubes are further distinguished by the number of degrees (i.e., 46 or 90) 
that one, either one, of the compatible parts must be rotated in order to be 
jomed with the other part, ^compatible cubes may be mirror images (MI) 
or nonmiiTor images (NM). U either mcomplete cube of a mirror image 
pair m replaced by its mirror image, the other left as is, the two cubes be- 
come compatible. The NMI condition refers to the lack of this relationship 
Items m this condition were specially constructed to encourage nonanalog 
processmg of the stimuli. They contain distinctive features that readily 
permit solution without rotation. 

The Gul^ord.2iinraeraiaa Spatial Viaualizatioa Test (GZ) 

hi the Guilford-Zimmeman Spatial Visualization test (Guilford Se Zim- 
meTOM, 1947) subjecta are asked to mentally rotate a picture of a clock 
m a specified direction and select the alternative that shows the clock in 
Its final position (see Figure lb). Each dtemaMve is a picture of the clock 
as viewed from a different perspectiva. As a result, the alternatives do 
not contam distinctive features that allow for rapid elimination of incorrect 
alteratives. In the Beck-Kolakowski (1973) modification of the test used 
in this study, the items are presented on slides md theu- exposure times 
are mdividually controlled. This tmt a assumed to be a relatively pure 
meMure of spatial ability. 

The Wiggly Block (WB) 

The Wiggly Block (O'Connor, 1928) differs from most other spatial tests 
because it is a performance measure. The test consists of wooden blocks 
tha*. have been sawn into 4, 6, 9, or 12 pieces. The cuts are wavy or wiggly 
rather than plane. AH of the pieces are approximately equal in volume and 
weight, but no two are identical. Subjecta are presented with a random 
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^angement of the piecM aiid are asked to aasemble the block aa quickly 
M possible (sea FIgwe Ic for a sample item). Scores on the test are baaed 
on the amount of time is takes to ajsemble each block. 

The t^t ia thought to have a small nonanalog component becauie the 
pieces of the blocks have distinctive features that provide information about 
their ctobai location. Corner, outer-edge and InsideNientef pieces are readily 
distinguished by their number of flat surfaces. This information can be used 
to reduce the number of potentially compatible pieces that must be rotated 
for fit to any other piece. Its use should also reduce the mount of time 
required to aasemble the blocks and, thus, improve performance on the teat. 

Paper-Folding Test (PF) 

M each item of the paper-folding t«t (BVench, Ekstrom, k Price 1963) 
the subject is shown a series of figures obtained from folding a square sheet 
of paper and punJil^g a hole in the folded form. Each step of this folding 
and punching procMs is depicted in a septate figure of the series The 
subject IS asked to deteraune the position of the holes if the paper were 
unfolded, ii the vewion in use at Johnson O'Connor the subject indicates 
the position of the holes on a square grid of paper. 

iMany of the items m the t«t can be readily solved through verbal 
rute. The item shown in Figure Id, for seample, can be solved through 
application of a symmet^ principle. 

Methodology 

The TESTFACT implementation (Wilson, Wood, & Gibbons, 1984) of 
a full-infonnation method for dichotomous item factor analysis (see Bock 
Gibbons, i£ Muraki, 19S5 for a detailed treatment of the method) was used 
to examine the factorial composition of several tests in the battery and to 
identify item-feature effects. The model Is a multidimensional ectension 
of a univariate ogive model to more tham one dimension and is baaed on 
Thurstone's (1947) multiple factor formulation. The method provides esti- 
mates of the slopes, intercepts, standard difflcultles, and factor loadings of 
the items. 



A t^t of fit of the assumed factor model agaiaat a general multinomial 
alternative « providtd by the chi-iquare approximation for the likelihood 
ratio teat (G ). This t«t is inaccurate in applications where the count of 
poMible score pattenw is much larger than the sample size. The difference 
in these stattstics from alternative models is nonetheleaa distributed m a 
^i.square variable in large s^ples with degree of freedom equal to the 
difference between, those of the models. This change in as additional 
factors are added provides a tmt for the number of factors. 

Once the appropriate model has been determined in this manner ex- 
pecte^d a posteriori (SAP) estimatis of a subject's ability on each fe'ctor 
may be computed on the basis of his item score pattern and the estimates 
of the factor loadmp and standard difficulties. 

Hesults 

Full-information Item Factor Analyses 

Separate fiiU-information factor walyses were perforaed on the item re- 
sponse data from the IOC. GZ, and Raven's Admnced Progressive Matrices 
(PM) usmg the TESTPACT propam. Preliminary one^imensionai item 
respoiue ^alyses of these tests were performed with the BILOG progrwi 
of Misle^ and Bock (1984) to detemine whether a guessing model should 
be used m the factor analyses. Only the IOC showed evidence of guessing 
with a common asymtote value of .31. The average asymptote mines for 
the GZ md PM were .03 and .04, respectiveiy :oo small to be of practical 
unportMce. Using the asymptote mlue obtained from BaOG, a guessing 
model was substituted for the normal response model in the TESTFACT 
analysis of the IOC. 

these applications of TESTFACT, there is some uncertainty Msoci- 
ated with the statistical tests of the number of factors because the sample is 
seff-selected into twting centera located in 12 metropolitan areas across the 
cotmtry. The effect is probably simile to that of cluster sampling which 
tends to inflate the mluea of the likeUhood ratio chi-square statistics (see 
Zimowski & Bock, 1917). For this reason, the mluM of these statistics were 
adjusted to reflect mi wsumed desi^ effect of 2,5. 



The testa of fit for the IOC are presented in Table 1. Am shown In this 
table, the chi-square value associated with the addition of thti third factor 
a not significant, but the chwge in chi-aquwe upon addition of the second 
factor is quite large. This chaage m roughly five times the corresponding 
change m depe^ of freedom and clearly supports a twc^factor model 

The varimax-rotated factor loadiap from the two-factor solution are 

^'ITXt ^' ^* " by the compatible 

and 1^ terns, the second by the N^fl Ml items. SAP estimates of the 
subjects abihties were computed on the basis of these factor loadings for 
use in subsequent ajnalyses. 



TABLE 1 



FTJLL DEFORMATION FACTOR ANALYSIS TISTS OF FIT 
FOR THE DCCOMPLETE OPEN CUBES TEST 





Factor 


Chwge 


df 


,P 






2 


226.20 


43 


< .001 






3 


43.23 


42 


.42 





The tMts of fit for the GZ are presented in Table 3. Two factors are 
apparently required to account for the item responses to this test but the 
patterns of factor loadings from the mrimax wid promax-rotated solutions 
are not readily associated with content similuities among the items. The 
promax-rotated factow are substantially intercorrelated (r^.79) and a large 
percent of the variance is attributable to the flrat principle factor (33 83) in 
compMison with the second (2.04). The change in chi-squwe upon addition 
of the second factor ia small, roughly twice the chwige in degrees of freedom, 
m comparison with the change ajsoclated with the addition of the clearly 
defined second factor of the IOC. 

Because of the uncertamty associated with these statistical tests in this 
study, and the lack of substantive evidence to support the two-factor so- 
lutlon, the GZ was assumed to be unidlmensional. EAP estimates of abil- 
ity baaed on a one-dimMsional two-pMameter model were calculated with 



9 



BILOG for use in subsequent analyses. 

The teata of at for the PM we presented m Table 4. Although, a two- 
factor modal ia indicated, neither the va^imax nor the prqmwc-rotated fac= 
tor loadmp are easily interpreted in terffls of item content. The change in 
chi-aquare associated with the addition of the second factor is less thin twice 
Its de^ees of fretdom. Once again, the evidence does not strongly support 
a two-factor model. EAP «timates of ability based on a one-dimensional 
two-pwamettr model were therefore derived for use in subsequent analyses 



TABLE 2 



IOC FACTOR LOADINGS PROM THE 
TWO-FACTOR VARMAX SOLUTION 



Type 



Items 
Item # 



with compatible cub^: 
Analog NoQ.Ana log 

M 



Sepnents 






7 


.35 


.23 




10 


.73 


.80 




11 


.50 


.31 




14 


.40 


.32 




23 


.24 


.21 




27 


.40 


.21 




30 


.70 


.07 




35 


.67 


-.03 




40 


.46 


.18 




41 


.80 


.22 




44 


.32 


.14 



5/7 

4/8 

4/8 

6/6 

5/7 

8/6 

5/7 

5/7 

6/6 

4/8 

5/T 
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itaroa with mcomparibla cuhmi 



Ao^Qg Noa^Anaiog 



d 

Ci 


«55 


.63 


y 


J6 


.60 


Iq 


,46 


.64 






.70 


90 


.26 


.52 


^4 


.07 


.44 






.39 






.50 






.55 


til 




.54 


42 


.13 


.51 


5 


.20 


.47 


tf 


.17 


.67 


12 


.10 


.37 


17 


.16 


.75 


20 


.13 


.40 


2$ 


.03 


.48 


33 


.28 


.38 


34 


.20 


.43 


43 


.31 


.50 


4a 


.12 


.51 


47 1 


.19 


.45 



Diatrib 



3/9 

4/8 

3/9 

3/9 

S/7 

6/6 

7/5 

6/6 

4/8 

4/8 

5/7 

4/8 

3/9 

4/8 

3/9 

6/6 

4/8 

5/7 

6/6 

6/6 

5/7 

5/7 



11 

12 



TABLE 3 



FULL mf ORMATION FACTOR ANALYSIS TESTS OP FIT 
FOR THE GUILFORD-ZMMERMAn' 



Factor 


Change G' 


df 


P 


2 


69.02 


20 


< .001 


3 


3S.42 


28 


.16 



TABLE 4 



FULL ^FORMATION FACTOR ANALYSIS TESTS OF FIT 
FOR THE ADVANCED PROGRESSIVE MATRICES TEST 



Faetor 


ChMge G' 


df 


P 


2 


60.34 


35 


< .005 


3 


35.33 


42 


.40 



Factor Analysis of the Test Scores 

A maximum likelihood factor analysia was performed on the test scores 
to determine the factorid stnictiire of the batte^. EAP estimatei of ability 
derived in the WT analyse served as the teat scores for the IOC, GZ, and 
PM ia this Malysis. The scores used by JOCRF In their evaluation of 
aptitude profile served u the measures for the tMts from their battery. 
These measures are raw scores based on reaction time. 

Even a four-factor model failed to provide a good fit to the data {G^ = 
8.91, d/ = 2,p — .01). Scorm from the second factor of the IOC and 
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the Analytical Raaaoniag tast had the lowMt communalitlaa, .40 and .38 
r^pectively. The other maaaures fflchlbited commttoalitiea in excesa of 5o' 
The vwim«c-rotated factor loadinp from the four^factor model are pre-* 

T^fr"^^ ! l ^* ^ '^•fi^'d the analog factor 

of the IOC and the three other spatial imta. Raven's Advanced Propeidve 
MatncM t«t eschibits the Iwgeat loading on the lecond factor, followed by 
the Paper-folding t«t. The Guilford-ZiMierman and the analytical rea- 
lonmg tests also tend to load on this factor but to a lesser degree. The third 
factor 13 almost entirely defined by the two reasoning teats from the JOCRF 

rnnli '^^.^'^ ^^^'^^^ *h« nonwalog factor of the 

IOC the Guitford-Zimmerman and the Paper-Folding tMt. The Wiggly 
Block also define this factor, but to a smaller «tent. In contrast 
the other spatial teats, each of the IOC mewwea loads almost axcluaiveiy 
on just one fa.-tor. The promax-rotated factor loadinp exhibit a aimilar 
overall pattern. 

TABLE S 

FACTOR LOADmOS FROM THE ANALYSIS OF TEST SCORES 
VARDyiAX-ROTATED SOLUTION 



T^ 


Factor 1 


Factor 2 


Factor 3 


Factor 4 


IOC-1 


.76 


.18 


.10 


.18 


IOC-2 


.17 


.16 


.11 


.58 


GZ 


.49 


.37 


.12 


.46 


WB 


.53 


.26 


.20 


.34 


PF 


.47 


.50 


.13 


.45 


AR 


.22 


.35 


.44 


.14 


m 


.06 


.02 


.86 


.10 


PM 


.21 


.65 


.07 


.19 
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Sex-diflTeroncQS 



A sex differeaces favoring malaa on testa of spatial abinty is frequently 
reported in the literature (a.g„ Maccoby Se Jacklin, 1974), but, as men- 
tioned in the iatrodtwtion, this Ending tends to be teat-dependiint. For 
comparative purposM, the effect slim associated with the male-female con- 
trast in performance were computed for all testa in the battery. They are 
shown in Table fl in aacending order of size, 

TABLjE 6 

EFFECT SIZES FOR THE MALE-FEMALE CONTRAST 





Effect 


Test 


Size 


GZ 


,6a 


IOC-1 


.48 


WB 


.44 


IOC-2 


.43 


PF 


.31 


PM 


.04 


AR 


-.05 


m 


-,23 



Discussion 

The item factor decomposition of the ^complete Open Cubes obtained 
in this study is in accord with the earlier findinp of Zlmowski (1985) and 
supports the distinction between item features and solution strategies first 
proposed by Zimowski (1985) md later developed by Zlmowski and Wothke 
(1986). With few exceptions, items with features thought to resist nonana- 
log processing load on the first factor, while items with features thought 
to promote nonanalog processing load, almost exclusively, on the second 
factor. 
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Tlie factors defined by these aubseta of items arc only slightly diatin- 
iuiahed by the tendency of their factor «cor«, to exhibit al^ d^^en^^ 

inth ' V .43. This r«ult do^ not agree 

mth thj e«l,er work of Zlmowaki 1985} who found a large difference in 

nhe^!tfLl"7d^'" Wtea to replicate is probably due to the^ff cS 
of the aalf.selocted i«nple. TESTFACT provide, variaax-rotated factors 

hat are unco^elated in the population, but in thi. non,andom aaaple the 

^ however, consatent with their claasiflcation aa relatively pure (analog^ 
zL^ r ' ^^^^^^ of spatial abUlt/ The 

^ 1 • f " - *^ ' P"'* «f spatial 

abiUY' «, u ^^f .^^««* of the measures In the study The 

VomI f - but to a lesser degree. The Pape 

s«tri . ' T.'"* ~' " "^^^ displays the smalles 

l?85H?fnh «cord with tha oteervation of Zimowski 
IWiSj that the analog component of spatial tats is r«ponsible for the sex 

differanee favoring malw. leiorcnesex 

The results from the factor analysis of the test scor« are less clew 
Wlule the two ^atial t«a thought to h«.e non^alog compone^ t^e 

by the PM test and 100-2. the GuHford-Zimmeman. which is cliaifled as 

A possible explanation for the performance of the GuUford-Zimmerman 
hes m the^ceihng effect observed on this test. The raw score dbtribution, 
shown m Figure 2, mdicatea that it was too easy for our self-seiected sample. 
Ma^y of he subjects were able to correctly answer all, or nearly all, of the 
30 Items m h« t«t It is possible that the standard tiae limit Lpoaed on 
each item^ of the GZ was too generous for this ^oup of verbally proficient 
mdividuals and allowed the succeasfiU application of nonanalog strategic. 
T^^s interpretation ej^lams the ceiling effect and the pattern of factor 
loadmp, but It fails to account for the substantial s«c effect found for this 
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meaaure. 

Another interpretation that !a consistent with the analog clagaification 
of the Gmlford-ZImmerman k that the ceiling effect obacured the factor 
pattern that would have otherwtaa been observed. The ceiling effect proba- 
bly attentuated the sex dlfferepco as well, but apparently the effect waa not 
large enough to produce a substantial reduction in the size of the difference. 

The emergence of two nonMaJog facton m the factor analysia iuggeata 
that at Umt two, relatively distinct types of nonanalog strategies or abil- 
ities are used to solve spatial iteaa. One of these abilities is represented 
by the Advanced Propwsive MatricM and Analytical Reaaoning. Both of 
these mta require an underitMduig of the logical relationships among el- 
ements md prwumably measure logical reasoning. While the elements of 
the former are visuospatial atimuli, thuae of the latter are verbal terma. The 
second nonanalog factor, defined by the IOC-2, appeara to represent a more 
specific ability to extract relevant dwtinctive features. This interpretation 
is supported by the .uading of the Wiggly Block on this factor. The items 
of this tat also contam distinctive feature that can be used to bjrpaas the 
rotation proc^ (see the earlier description of thji Wiggly Block). 

The Paper Folding %mt ochibita loadinp of similM magnitude on both 
factors suggesting that both typM of abilitiw are used to solve items in 
this test. As illustrated earlier, verbal rules and logic cm be used to solve 
maay of the items in this t^t. The role of featiire-extraction strategies is 
less clear. It is possible that the ability to identify the features of th«e 
items that permit solution through verbal rules is different from the ability 
to apply these ml&, 

la all, the results of this ^T-baaed study support the classification 
scheme of Zimowski Mid Wothke (1986). The inconsiatenciea found in this 
study are most likely due to the effects of nonrandom sampling. More gen- 
erally, the study shows that the very feature that first distinguished spatial 
measures, their relative Independence from verbal measures, is no longer 
characteristic of many of the "spatial" t«its currently m use. U consen- 
sus is to be reached in substantive studies of spatial ability, workers must 
be aware of this fact when they'^t esls for their studies. The clMsification 
scheme of Zimowski and Wothke provides useful guidelines for this selection 
process. 
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Figure 2: Raw score distribution from the The Guilford- Zimmerman Spatial 
Visualization test. 
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